ie 5 -PROCE s$§ ING, CONFERENCE 
| OCTOBER Io, 1956. 


2% 4 
TA YALS 


ee Reserve 


UNITED STATES DEPARTMENT OF AGRI CULTURE 
Agricultural Research Service 


Southern Utilization Research Branch 


U. S. Citrus Products Station 


Winter Haven, Flenide 


ae 


- 
Pa 
2 Pe 


=. 


Racy 


< 


PROGRAM AND ABSTRACTS OF PAPERS. 


SIXTH CITRUS-PROCESSING CONFERENCE 


October 16, 1956. 


Florida Room, Citrus Building 
Winter Haven, Florida 


It would be appreciated if no part of any abstract 
in this Program and Abstracts of Papers is repro- 
duced or used without consulting the author or 
organization concerned, The abstracts were prepared 
for the benefit of those attending the conference 
and are not available for general distribution, 


KIGETOO OUTBAIN SUATTO BTXTG 


SURE aS tedadod 


josugacde vas to der of 22 betseboordas ed bivow # 
note: tt Bis i 3.0 afostfedd bad maxgoTt oidd & 
40 ‘todtiz ait ota tvenoco Suodeiw Beap bond : ie 
“rioctatg oxowu @foetteda-ff ~benwonsn aoiini 
aonate’uoo edd witinotia erork? ao dttatied pera 
oitudinsekbh Lovee, wot efisiiovs Jom Wein 


‘ 
’ - 
) 
carne.) |S 
- 7 “a 


ORGANIZATIONS PARTICIPATING 


in 
SIXTH CITRUS PROCESSING CONFERENCE 


SOUTHERN UTILIZATION RESEARCH BRANCH 
Citrus Products Station, Winter Haven, Florida 
Fruit and Vegetable Products Laboratory, Weslaco, Texas 


WESTERN UTILIZATION RESEARCH BRANCH 
Fruit and Vegetable Chemistry Laboratory, Pasadena, Cal. 


CONTINENTAL CAN COMPANY, INC., CHICAGO, ILL. * 


% Under a Memorandum of Understanding conducts cooperative 
research on the heat treatment of citrus juices with the 
United States Department of Agriculture at the U.S, 
Citrus Products Station, Winter Haven, Florida, 
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PROGRAM --e= CITRUS PROCESSING CONFERENCE 
(October 16, 1956) 


MORNING SESSION = 9:30 A.M. 


(M. K. Veldhuis, In Charge, Citrus Products 
Station, Winter Haven, Florida; Presiding) 


OPENING REMARKS, M, K, Veldhuis 


Page 
BITTERNESS OF ORANGE PEEL, ~ A PROGRESS REPORT. «ee seeoveseen 3 


Le Je Swift, Citrus Products Station 


INVESTIGATIONS RELATED TO BITTER SUBSTANCES IN GRAPEFRUIT JUICE... 
V. Je Senn and T. J. Kew, Citrus Products Station 


COMPOSITIONAL STUDIES OF CITRUS OILS WITH SPECIAL REFERENCE TO 
See Oli 5) 6 «6 8 8 eb 8 et ee tb 8 ee 8 le ee ee OD 
W. EL, Stanley and S, H, Vannier, Fruit and Vegetable Chemistry 

Laboratory, Pasadena, Cal. 


GAS-LIQUID PARTITION CHROMATOGRAPHY = A NEW TECHNIQUE . . ce eececee 8 
Re A. Bernhard, Fruit and Vegetable Chemistry Laboratory, 
(W. Le Stanley*). 


OBSERVATIONS ON THE MECHANISM OF DIACETYL SYNTHESIS BY LACTOBACILLI 
AND LEUCONOSTOC eoeeee#e#etest #@ © #®# @ # # @® @# @ @® © @ © &©@ @ © @ 8 @ 10 
Ne B. Rushing and V. J. Senn, Citrus Products Station 


IDENTIFICATION OF THE FLAVONOID CONSTITUENTS OF THE LEMON . 2. « eo e @ IL 
Re Me Horowitz, Fruit and Vegetable Chemistry Laboratory, 
Pasadena, Cal. (E. A. Beavens*, Head, Fruit and 
Vegetable Chemistry Laboratory). 


NITROGENOUS CONSTITUENTS IN CITRUS JUICES —= EFFECTS OF PROCESSING 
Dera, 2) gts ag ~~ 6 6 ke 6 8 ee 8 ee 8 eS Be ee eee we 62 
Le B. Rockland, Fruit and Vegetable Chemistry Laboratory, 
(E. A. Beavens*), 


THE TIME-TEMPERATURE TOLERANCE OF FROZEN CONCENTRATED CALIFORNIA 
PPECERUUICH. 6 6 # ee rere ee eee ee eee ee ee ee oe Lh 
Re Je McColloch, Fruit and Vegetable Chemistry Laboratory, 
(E. A. Beavens*). 


* Presented by 
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AFTSRNOCN SESSION = 1:30 P.M, 


(V. H. McFarlane, Head, Fruit and Vegetable Section, Southern 
Utilization Research Branch, New Orleans, La.3 Presiding) 


STABILITY OF FROZEN CONCENTRATED ORANGE JUICE, HEAT STABILIZATION 
Meee tens CONCENTRATIONS . 5. « o 2 6 0 6 0s © oes 0 8 oe 
O. W. Bissett and M, K. Veldhuis, Citrus Products Station. 

Re B, Guyer and BE, A, Carroll, Continental Can Co., Ince, 

Chicago, Ill. 


PROCESSING CHARACTERISTICS OF COLORED TEXAS GRAPEFRUIT III, 
SPECTROPHOTOMETHIC METHODS FOR DETERMTNING PIGMENTATION AND 
BETA CAROTENE AND LYCOPENE IN RUBY RED GRAPEFRUIT . .....e eee 
FP, P. Griffiths and B, J. Lime, Fruit and Vegetable Products 
Laboratory, Weslaco, Texas 
R, T. O'Connor, D. C. Heinzelman and E, R. McCall, 
Southern Regional Research Laboratory, New Orleans, La. 


STUDIES ON DETERMINING SOLUBLE SOLIDS IN CITRUS JUICES BY TER 
REFRAC i OMETER s ° e e e e e e e e e e e e e . e e s ° e e ° e e e e 
D. A. Morgan and W. C. Scott, Citrus Products Station 


ESTIMATIONS OF SUSPENDED MATTER AND NON-VOLATILE MATERIAL IN CITRUS 
CONCENTRATES AND THEIR CORRELATION WITH REFRACTCMETER VALUES. . .. 
We C. Scott, Citrus Products Station 
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, BITTERNESS OF ORANGE PEEL, - A PROGRESS REPORT 


Le Je SWIFT 
Citrus Products Station 
Winter Haven, Florida 


It has been shown that orange peel juice can be detected by a taste 
panel when present to the extent of 3% in orange segment juice and 
that it has a deleterious effect upon the flavor, Comparative tests 
showed that the most consistent differences between the juices from 
the two sources lay in their color, flavonoid content, florescence, 
and acidity. However, either these values were not well correlated 
with seasonal differences in taste or were judged unsuitable for 
other reasons as indices of bitterness for use on commercial juices, 
For these reasons it seemed desirable to attempt the isolation of 
the characteristic bitter substance in the hope that a specific test 
could be designed for it if its properties were known, 


The results with charcoal adsorption were equivocal. This agent re~ 
moved the bitterness quite efficiently from the cold peel juice. 
Some bitterness was extracted from the charcoal by hot water at pH 
8.0, but this disappeared on concentration so it must have been 
volatile in steam or very labile, Furthermore, it is not certain 
that all bitterness was removed from the charcoal and. more work will 
be necessary to clear up this point, 


Another approach to the problem involved the extraction of hO gallons 
of peel juice with carbon tetrachloride after first adjusting to 

pH 8.0, This treatment appeared to remove all the bitterness and 
about 30 g. of material was obtained, Solvent partition and crystal~ 
lization methods were employed to obtain about 20 g. of this in the 
crystalline state, Half of this amount appeared to be nobiletin 

and the rest a mixture of other flavonoids. The final 10 g. could 
not be obtained in a crystalline state, This, unfortunately, 

seemed to be the bitterest of all fractions and hence the most 
important for present purposes, Since there had been some color 
buildup and since phenolic substances, supposedly excluded by the 
conditions of the original extraction, had made their appearance, it 
was thought unwise to continue work on this fraction for fear of 
encountering artifacts produced by the many manipulations to which 
it had been subjected, 


A more recent attack on the problem is to extract the slightly acid 
peel juice exhaustively with amyl alcohol and then to re-extract the 
amyl alcoholic solution with aqueous solutions, The first two such 
aqueous solutions employed were 0,1 M phosphate buffers adjusted to 

pH values of 8,0 and 10.0, respectively, The final extraction was 

made with 0,1 N sodium hydroxide, These aqueous extracts were then 
adjusted to pH 3.5 and re-extracted with amyl alcohol, Examination of 
fractions so obtained and of the original amyl alcohol residue will, 

it is hoped, yield information as to where the principal bitter material 
turns up and some clues as to its properties, 
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YINVESTIGATIONS RELATED TO BITTER SUBSTANCES IN GRAPEFRUIT JUICE. 


V. J. SENN AND T, J. KEW 
Citrus Products Station 
Winter Haven, Florida 


It is well recognized that naringin is the principle bitter tasting 
component of grapefruit juice. There is evidence, however, that 
organoleptic evaluation of bitterness and chemical determination of total 
phenolic flavonoids as naringin do not agree well (1), With this 

in mind a series of experiments were begun to investigate the nature 

of minor constituents of grapefruit juice with a view to determining 
their contribution to grapefruit flavor in general and to bitterness 

in particular, 


The first requirement was the development of a qualitative assay 
technique in order to follow the effectiveness of separation attempts. 
Two dimensional paper chromatography indicated that about fifteen 
components can be detected by this method, Three of these react to 
alkali as do phenolic flavonoids. The balance of the components 
detected appear as fluorescent spots under long wave ultraviolet 


For isolation experiments a quantity of fresh grapefruit juice was 
obtained commercially, filtered on a pre-coated Oliver filter, con- 
centrated in the pilot plant falling film evaporator, and placed in 
sub=zero storage. A portion of the serum concentrate was converted 
to powder in a vacuum shelf drier, A quantity of undiluted grape- 
fruit peel juice was similarly treated, 


Extraction of powder with a series of solvents of increasing polarity 
appears to offer the greatest pramise of separating sugars from the 
minor constituents, Some success has been achieved at separation of 
these several components on a micro scale with solvent partition, 
column chromatography, and counter current distribution, A few 
crystalline mixtures have been obtained, but to date only naringin 
has been obtained in pure form, 


Reference: 


(1) McAllister, J. W. Private Communication. 1956, 
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COMPOSITIONAL STUDIES OF CITRUS OILS WITH SPECIAL REFERENCE TO 
CALIFORNIA TEMON OIL » 


We Le STANLEY AND S, H, VANNIER 
Fruit and Vegetable Chemistry Laboratory 
Pasadena, 5, California 


Although the chemical composition of lemon oil has been examined by 
many workers in this country and in Europe, much of the information 
appears to be inconclusive because it was based on relatively drastic 
methods of separation, or in some instances merely by inference, 
Generally, separations were made by vacuum distillations and chemical- 
group reactions, both of which are known to cause degradation, poly- 
merization or rearrangement of highly reactive components, 


Investigations of the chemistry of lemon oil have been undertaken at 
the Pasadena Laboratory by applying the less drastic and more efficient 
chromatographic techniques to the initial fractionations, Information 
from these studies is being used in the development of methods for 
analyzing oils, establishing the identity of authentic oils, and 
studying the processing, seasonal and geographic variations and 
differences in maturity affecting the composition of lemon oils, 


Lemon oil has been initially separated on silicic acid columns into 

20 composited fractions homogeneous to silicic acid adsorption, but 
probably in many instances containing more than one component, The 
volatile components in these fractions may be further separated by 
vacuum distillation or preferably by gas-liquid partition chromatography. 
Work on the volatiles in lemon oil is in the preliminary phases, 


When composited fractions obtained from silicic acid columns were 
reduced in volume and stored at refrigerator temperatures, many of 
them deposited crystalline solids, These have yielded to date 8 
individual crystalline compounds, 3 of which have been identified as 
ethers of coumarins and 5 as ethers of the furocoumarin, psoralen 
(Table 1). The 3 ethers of coumarin impart a blue fluorescence to 
lemon oil when exposed to ultraviolet light, and all 8 compounds in 
composite account for the characteristic spectral absorption peak of 
lemon oil at around 315 millimicrons, A recent A.0.A.C. method for 
identifying authentic lemon oils is based on this absorption peak, 


The 3 blue-fluorescing compounds have been identified as 5,7-dime- 
thoxycoumarin (limettin), 5-geranoxy-7=methoxycoumarin, and a 5,7= 
diether of coumarin only partially identified because of its presence 
in only trace amounts in the oil, Prior to this work 5,7-dimethoxy- 
coumarin was the only coumarin compound identified in lemon oil}; 

no furocoumarins had been previously reported, 
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Of the 5 non-fluorescing furocoumarins the 2 in relatively high 
concentration have been identified as 5«geranoxypsoralen and 8=geranoxy- 
psoralen, the third as 5«methoxy-G—(3-methyl-2, 3=dinydroxybutoxy) 
psoralen, while 2 of the compounds appear to be structurally related 

to 5-geranoxypsoralen, 


It is of interest to note that the furocowmarin, 8-geranoxypsoralen, 
was found to have the property of sensitizing, on topical application, 
the human skin to sunlight, This compound and its isomer 5~geranoxy- 
psoralen may be responsible for the photosensitizing properties of 
lemon oi1, which excludes its use in scenting sun-tan lotions, If 
these are the only active compounds, distilled lemon oils, which do 
not contain these compounds, could be used in such Lotions. 


A semi-micro analytical method has been devised for measuring con- 
centrations of the individual coumarins in lemon and other citrus oils, 


The coumarins found in whole lemon oil were absent in distilled 
lemon oil and the oils of bitter orange, sweet orange and grapefruit. 
Although present in lime oil, they were found in different proportions, 


In order to obtain coumarin compounds for comparison with those in 
lemon oil, other citrus oils were similarly analyzed, Oil of bergamot, 
previously studied by Spath and co-workers, was used as a source to 
obtain 5-methoxy and 5-geranoxypsoralen; and lime oil, examined by 
Caldwell and Jones, to obtain 5-ceranoxy-7-methoxycoumarin, 5,7-dime- 
thoxycoumarin and 5,8-dimethoxypsoralen. In isolating these compounds 
from oil of bergamot and lime oil we also identified as new compounds, 
5-geranoxy=7-methoxycoumarin in oil of bergamot and 5= and 8-geranoxy- 
psoralen in lime oil, 


An examination of grapefruit oil and bitter orange oil yielded only 
one compound useful for comparison, i.e., 5-methoxypsoralen 
(bergapten), However, several new coumarins and flavones were found, 
In grapefrvit oil were found 7-geranoxycoumarin, an unidentified 
5-position psoralen ether related to 5-geranoxypsoralen, and the 
flavone, tangeretin, Previously, 7+hydroxycoumarin had been reported 
in grapefruit oil (probably an artifact resulting from hydrolytic 
Cleavage of the 7-geranoxycoumarin during vacuum distillation). In 
bitter orange oil were found 7-methoxy-8- 9, y-dimethylallylcoumarin 
{(osthol), 5-methoxypsoralen, tangeretin, nobiletin and an unidentified 
Tlavone, Auraptene, previously reported to be in orange oil, was 

not found, 


doit yfovMelet s ni! $ adt anhicnwooow 
~YXONS Tag bre mele a4 SV OUBSS, nae 88 Solrisnebh nosd pois 


0 
saat 


fy, sPrich vo "ch ‘wr siktim€ : a fde aT my Shade coriiemet BA butdd ¢ 
hotsie* vif vutouids a ot tess Ts. ebrurogiapo easy to: 8 et 


Sa Levoc?Y 


sofetnegrxone rege .sissmuopowt ect tadd stom og teens 


z* - “-" ~ it, @ 3 4 
moitsoifage Lecrustd fio eRties yiemen to vettegeta od? evan ¢ 
wrroreisge? somoet a¢t hae Bexoqmo efit ~tagkiews of nha a 
te aeitienotg wits ij Lexevosyoug sit tot aldiaceqset od fs 
ST .enohtol aetenue yameor mi sas eel Bobsloxs seigare 
ob inter .elto momi beffitelh ,ebaroqmos sviias y ico exit 
~ssaoltol dowe at heay ed Bigoo aude xy BLOF 
«ino naimwesem tot bexiveb meed sad Dodtom ve Liv lane ¢ wt: 
efto entio todte bas somt nb enivemos Ieubivionl om i 
J ann ‘ . 4 we , y 
hocihiebkbh at tt0eads exew Lic soani efodw al bacot Site 
ePiSTisgety & SIaisto VSOWR . SCG tatiid to eifo hype bate. 
.cao.brngotg tuetetilh nf bax? eta yer? ito embi az #meas 
; \ 
st sor) dtiv nosdisqmg tot ebeuodgees nitenupo mietde of | 


fonsaied to [70 ,.noF Sects yissitute esow efto euitio tadio, 
ac body Gaw ,Stedtow-oo Dar isqe xy pekorde J 


7 . . #3 
in oP ets ’ r “ 
3 we ers ,fio oF if Gas ure. Lerroeq pronattegnk fh AG YAO 
marrbey  ¢ ptt bhcarvonyionsem~ | -¥ rometeged nietdo oF Cyareg pie 
ou $n wn > _— v. -* poe & _Tam 2 e+ Sty ~~ a — , 
SMart s SMe BLiSeLl TL hao dea he tts mtb}, 2 ets aw Co =). 


¥ wa 
shiswoomes wan as helt tnehk oste ow Sto Riper bere tomy rad J > 
tage. Boe «¢ bas domeyted to Ifo ETE ST NALS Bethel Ny 


sfio amtl 


* - . e . - « « c - . * “— ’ 
. c Mm er a ee [*, € gi1s"EO oe + ery PYLE LfO i tuvteds 3 fee no 


ee a Nee dere rl 


ne fetoogryordtie me esOat gftoeTtegme <o2 Dyfed De 
boost erow conovel? Ons stizemoo wor Lezevee ¢TOVEWOH (ti 
beliiinebiee as .nbumiooyxonetep-) Ravel etew fin’ Jae 
sig bas ,foletoaqyxodatege. OF finde tart ~toikT2 aolawneyi 


ass. ceed bad nt rn AO LOTBY, He) .yfasotvesd ,sitersy 
okivferbra mors gr bhivaor tostiots we yidscdetgq) Lito. oh 
. (noftaliitsib> stay ge tus aiinnvoey conenigey 
abromoo ty Lieivddordiawy . y uxeitemT bagot egew Lips 
i ef shieflidea  .ditdtagiad eto latoe exe 
acy ,fie eatete st sd oF bedtoget yiepotvetg 4ee 


00°O 


89°O 


8 F SEE OE ALY A ON LE EIEN Y.-S NNT CIN LENS 
A RR RE RTS RD NE CRT + CER ST TREE ES OST 


THO *3 OOT/*su 


enten *y 


0°6 


OSE 


1 Se 
caom 


Ore 


S°2 


9TT 


06 


PL&TA 


(UTOTTesuBxedg ) 
usTedtosd (Axoqngq-fxoupéytp 


O*€ZT-O°gTT Ug8TyLTy “€£Z-TAYZOUME)-g-AKOTIOH-S IITA 
ueTe.tosd 
0°06-0°S8 2 go seyye uoTyTsod=¢ (g) ITA 
; (UT9.7.0WTT) 
O*gtT-o° LNT WoT ytTy uTzeumoosxou.OUTG=}°S IA 
0*09-0°65 Ngeeylen ueTerosdéxouezen-9 A 
UTLeEUMOOAXOTAT Te TAY. 
0°26-0°06 é ~ourp= A Am)—KxouzaI“G (2) AT 
(utzoyerteduy) usetetosd 
0°96-0°16 8 ~AXoTAT TE TAY OUT Ge”. §A—¢ (2) TIT 
UTLIEUMOO-ANOYLOU 
0°19-0°99 ToleyO%o ~)-uoTetosdfxouesen-g [I 
(UT? JOURS .10g ) 
G°tG"S°CS NozeqTteo ueytertosdkxouertep-g J 
qutoOd (seskteue wots) 
SUT TSH Se TUULLIO J punoduos) 
IETNOS TOP] 


TIO NOWHI NI CANNOT SANNOdWOO NTUWVWNOD °*T W1avVh 


ig sierso® 
* Casey Ln . mort} 


ray ‘Ber Pye 
ito # coin Sriot 


~ee = epee aa*emge 
. ie ee a areeny an — ipsa sein ——— 


“yalaiat 


~— om 


Oasis ~— 6] ; 


weds 


tee 


F > ~ . +: 
aor myits 5 Richt Dat 
pe ney, hess veut: ** => 2 z ne an 
ethos - ae j 
: 7 
= ~ AD oT re) ‘ 
* ‘See % * 
Lg ee ‘a Bn - = a ¥ oF 
- . oo fst} > 
eres Ogskt spe Be Te Dee, 
= rt x > Mog NS kage? 
c 
4 
ad . & me : 2 oe | 
£ Fg Se qj 069, Sc fOr: ee 
rs ne ~ . eckhl-| we oF fhe Yards 
s¢£ —e + $ 
c re: veel Pack ne J 
ee Var Ete ot ees nr * tr 
se * bot id x - ¢ $3 ae Wak it 


. “ c » 
" f od - > ’ 
Oy i s% he 
‘ 
. ~ 7 b¥ * 
t ps So tad i | “ ban goat 
Py Vein ey hewhe: : 
ec ae : 5 belade | ES es 


er ~j-nstamoncreceroon? 
eS ONS BIC i ae 


: > sel 
«<txofylisiidtonitey 4%). 2 
eects. 7 partes) re Serdar 


fol UT 
oor abe ype} exe = eds 59. FE 


Se apenas ly Malet x 


aga tore Te or wenptet-— V 


ye Fa r oe i, ee Ee FA 
—" ~~. ~*~ | T¥ ‘) 
TR > eee Se ee eee ait {. i i. 
mise BSIFOD PPL aan ar es 
‘ | oi bien be oe 
5 (HISTOMENT: - , 
4 Tru 
rs ‘ io eof ‘ 
‘or a er hea 14 J A 7 
- ae 3 iw) «oes ~ eo 
- iT 4g 4 
= = 
‘ A 
P — ref ¥ 
Pe, «fe (tomet, pe Y. aes - a 
. - 2 = 
¢ ‘ : > 
ee eA TK ADH roe RTL OTs SS 
his Pr vi @} a 7 wt ‘ 
2. > -—¥ - 


i tei 4 ? aevft ) 


VLA AAP Ae Seat I 4 


wo 8 “a 


‘ GAS-LIQUID PARTITION CHROMATOGRAPHY - A NEW TECHNIQUE _, 


R. A. BERNHARD i/ 
Fruit and Vegetable Chemistry Laboratory 
Pasadena 5, California 


Distillation is the method normally employed in the analysis and 
Separation of volatile materials, The recent development of gas-liquid 
partition chromatography (GLPC) may well revolutionize analytical 
chemistry. The term chromatography has become a convenient generic 
description for analytical Separations depending upon differential 
Sorption or solution of the components of a flowing mixture with respect 
to a stationary solid medium, and several variations of this method 
have become established for different purposes, 


GLPC differs from conventional chromatography in that the adsorbent 

is replaced by a relatively non-volatile liquid, e. g» silicone fluid, 
retained on a solid support, such as Celite 55, while the mobile 
phase is no longer a liquid but an inert gas, e. g. helium, Volatile 
components of a mixture are eluted from such a column at rates pro-= 
portional to their respective vapor pressures over the column liquid, 
Other factors influence the elution rates (i.e., the degree of 
Separation), such as van der Waal's forces, hydrogen bonding, etc, 

The process of separation is thus clearly analogous to extractive dis- 
tillation, and the efficiency of the column may be expressel in terms 
of the number of theoretical plates. On this basis, efficiencies as 
high as 1000 thecretical plates in a four-foot column are possiblis, 

By choice of an eppropriate material for the stationary phase it is 
possible to influence the differential vapor pressure between components 
in such a manner that closely boiling or azeotrope-forming compounds 
may be readily separated. 


Other advantages of GLPC are its speed, convenient size, economy of 
sample macerial, and durability, Very often little more then 15 
minutes are needed for the complete separation of a complex mixture, 
Extremely small (Gao 0,02 ml.) quantities of a mixture are required 
for an analysis, the lower limit being set only by the sensitivity of 
the detecting device and not by the column, After complete elution 
of one sample, a partition column may be immediately used again for 
the next analysis, No cleaning is required, Thus, provided the 
Stationary phase is stable and non=volatile under the conditions of 
operation, one column can be employed for an indefinite number of 
analyses, 
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If separation is complete, each eluted substance leaves the column as 
a discrete band, and with use of a thermal conductivity cell as a 
detecting device each substance gives a concentration curve or 
elution "peak" on the recorder, provided only that its thermal con- 
ductivity differs from that of the carrier gas stream. Two substances 
With similar conductivities will, if resolved, give separate "peaks" 
which are easily distinguishable, 


GLPC is applicable to production control, quantitative and qualitative 
detection of impurities in a product, separation of components in a 
natural product, detection of reaction products on completion of a 
chemical reaction, chemical kinetics, and a host of other most use- 
ful applications, 
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‘ OBSERVATIONS ON THE MECHANISM OF DIACETYL SYNTHESIS BY 
LACTOBACILLI AND LEUCONOSTOC» 


N. B, RUSHING AND V. J. SENN 
Citrus Products Station 
Winter Haven, Florida 


The production of diacetyl and/or acetyl methyl carbinol in citrus 
products can be ascribed to the activities of certain species of lactic 
acid bacteria, particularly Lactobacillus brevis, Lact. plantarum, 
Leuconostee dextranicum, and Leuco. mesenteroides, strains of which 
have been isolated from spoiled orange concentrate. . The growth rates 
of strains of these bacteria, as affected by pH and by concentration 
of orange juice solids has been reported previously (1). The present 
discussion is a preliminary report on a study designed to determine 
factors affecting both the synthesis and destruction of diacetyl by 
these organisms, 


In 20° Brix orange concentrate at an initial pH of 3.8 it was found 
that the ability to produce diacetyl differed widely between these 
species, Diacetyl as high as 00 ppm, was produced by Lact. brevis. 
The peak of diacetyl content conincides with the midpoint of the 
logarithmic phase of the organism's growth curve. Continued growth 
results in nearly complete destruction of diacetyl. On the basis of 
these results Lact. brevis was selected for further investigation. 


In order that mechanisms be studied most conveniently it is desirable 
that a chemically defined medium be employed, if possible. Such a 
medium has not yet been found, It was demonstrated that the organisms 
will grow well on a mutrient broth medium without the production of 
diacetyl, The addition to this medium of either citric or pyruvic 
acid results in diacetyl synthesis, Lactic, malic, succinic, and 
fumaric acids, all of which are possible sources of pyruvic acid were 
inactive, Glucose, fructose and sucrose also failed to produce 
diacetyl when added to the basal medium, 


Attempts to find a suitable synthetic medium are continuinge 

Additional studies designed to yield more detailed information relative 
to factors controlling both the synthesis and destruction of diacetyl 
are also in progress. 


Reference: 


(1) Growth Rates of Lactobacillus and Leuconostoc Species in Orange 
Juice as Affected by pH and Juice Concentration. N, B. Rushing, 
M, K, Veldhuis, and V. J. Senn, Applied Microbiology, hy 
97-100 (1956). 
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\ IDENTIFICATION OF THE FLAVONOID CONSTITUENTS OF THE LEMON © 


R. M, HOROWITZ 
Fruit and Vegetable Chemistry Laboratory 
Pasadena. 5, California 


The flavonoid constituents of citrus fruits, particularly the lemon, 
have been the subject of numerous studies in recent years, Much of 
the uncertainty regarding the physiological properties of flavonoids 
probably stems from the fact that compounds of doubtful identity have 
often been used, A more detailed knowledge of the flavonoids of lemon 
is desirable, not only because of their use in medicine, but also 
because they may be important flavor constituents or may be involved 
in the darkening of processed lemon juice. 


Experiments have been undertaken to identify the flavonoids present 

in the lemon, and to isolate them in amounts large enough for 

further study, particularly of their biological effects, Examination 
by means of paper chromatography of various laboratory or commercial 
extracts of lemon peel has shown the presence of at least five 
principal flavones and flavanones (one of which is hesperidin), 
although a number of others are present in smaller quantities. One of 
the flavones present in large amount has been isolated and identified 
as diosmin (3', 5,7-trihydroxy-l,!~methoxyflavone 7-rhamnoglucoside). 
It is estimated to comprise roughly 0,380.5% of the weight of the 
dried peel and crystallizes from the extracts together with hesperidin,. 
It may be separated from the latter compound by prolonged heating 

with methanolic hydrochloric acid, which hydrolyses and dissolves the 
hesperidin but does not affect the extremely insoluble diosmin, The 
identity of the diosmin was proved by comparing the melting point, Rr 
values and absorption spectrum with those of an authentic sample of the 
compound prepared by the oxidation of hesperidin, In addition, the 
compound was hydrolyzed to Giosmetin, rhamnose and glucose, all of 
which were characterized. Examination of an extract of Valencia 
oranges failed to show the presence of diosmin in significant quantity. 


The presence of eriodictyol in lemons has been definitely confirmed, 
It has been obtained in a pure, crystalline form from a hydrolysate 

of the mixed flavonoid glycosides, Its identity was verified by 
preparing and analyzing a number of derivatives and by comparing it 
with an authentic sample of eriodictyol. From chromatographic studies 
it appears that the orange does not contain any eriodictyol, Recently 
a new flavonoid has been isolated from lemon peel. This compound is 

a partial methyl ether of a hydroxylated flavonol which does not seem 
to have been previously described, An investigation of its structure 
is currently underway. 
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“ NITROGENOUS CONSTITUENTS IN CITRUS JUICES « 
EFFECTS OF PROCESSING AND STORAGE 


Le B. RCCKLAND 
Fruit and Vegetable Chemistry Laboratory 
Pasadena 5, California 


Work has been completed on a quantitative study directed toward 
determining if the major nitrogenous constituents in single strength, 
California Valencia orange juice are affected by normal processing 
and storage as a means of establishing the possible role of this 
group of compounds in deterioration of the juice, 


Approximately 50 gallons of a homogeneous batch of canmercially 

reamed and deaerated California Valencia orange juice were filled under 
commercial conditions into approximately 1500 enamel=lined 6 oz. cans. 
The canned juices were pasteurized by heating at various temperatures 
(160°, 180°, 190°, 200° and 210°F,) for from 1 to 16 minutes, Samples 
of each product were stored at 0°, 10°, 70° and 100°F, for periods 

of up to 5 months and evaluated in terms of flavor, color, cloud 
Stability and the content of seven amino acids, In addition, juice 
Samples were-analyzed for ammonia, amide, amino and total nitrogen 
after storage for 5 months at 0° and 100°F, It was observed that orange 


juice samples, heated for ) minutes at 190°F, or 2 minutes at 200°, 
and above, maintained their choud, However, at lower time-temperatures 


relationships, cloud stabilities decreased slightly during storage 

for 5 months at temperatures between )0°and 100°F, The color of the 
filtered juices did not change during processing and storage at tem= 
peratures of 70°F and below, but increased significantly after 3 months 
Storage at 100°F, Flavor retention was good in samples stored at OOF, 
At 70°F, storage, flavor quality decreased gradually but retained an 
acceptable flavor even after 5 months storage. At 100°F,, the develop~ 
ment of off-flavors was very rapid, the product becoming barely 
acceptable within one month, 


In contrast to these marked changes in color and flavor during storage 
at elevated temperatures, no significant changes were observed in the 
amino acid content of the juices, It may be concluded that the seven 
amino acids, with which the present study was concerned, do not play 

a detectable role in the darkening and loss in flavor quality of 
pasteurized, single strength California Valencia orange juice, These 
results do not preclude the possible role of other major nitrogenous 
constituents, such as asparagine, minor constituents such as cysteine 
and glutathione, or other unknown nitrogenous constituents, in the 
deterioration of pasteurized orange juice during storage, It was 
demonstrated in a previous study that excessive heating of single 
strength orange juice caused significant losses in several amino acids, 
The destruction of several nitrogenous constituents, during the process- 
ing and storage of citrus concentrates prepared at high temperatures, 
has been suggested by other workers, The implication of other nitrogen 
compounds in the deterioration of orange juice is suggested further 
from the nitrogen analyses, 
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Amino nitrogen was observed to increase during the initial heating 
period employed for pasteurization, followed by a gradual decrease 
during extended heating and storage at 100°F, During processing at 
190° and 200°F,, an increase in all forms of nitrogen occurred, 
varying inversely with the processing time and temperature, These 
data suggest that labile but insoluble nitrogen ccmpounds, present 
in the suspended solids, are solubilized during heat processing and 
react during further heating and/or high temperature storage, Per- 
centage changes in the nitrogen values appear to be highly significant 
and to correlate, in general, with the deterioration and loss in 
quality of the juice during processing and storage. 


Publications: 


(1) Small-Scale Filter Paper Chromatography, Factors Affecting 
Separation and Sequence of Amino Acids, .J.C. Underwood and 
LeBe Rockland, Analyt. Chem, 26 (10):1553=57, Oct., 195k. 


(2) Small-Scale Filter Paper Chromatography. A Rapid Two-Dimensional 
Procedure, L.B. Rockland and J.C, Underwood, Analyte Chem. 26 
(10): 1557-63, Octe, 195h 
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* THE TIME-TEMPERATURE TOLERANCE OF FROZEN 
CONCENTRATED CALIFORNIA ORANGE JUICE ,, 


R. Je McCOLLOCH 
Fruit and Vegetable Chemistry Laboratory 
Pasadena 5, California 


Results of time-temperature tolerance studies of nine lots of heated 
and unheated commercial frozen orange concentrates manufactured in 


California showed there was no difference in cloud or flavor stability 
after storage for one year at O°F, when compared to Storage at -LOOF, 
for the same length of time, 


Studies of cloud and flavor changes in frozen concentrates throughout 
fluctuating time-temperature histories showed that in all lots cloud 
was less stable than flavor, However, there was no 1:1 correspondence 
between cloud stability and the pectinesterase contents of the lots, 


The frozen concentrates varied widely in cloud and flavor stability. 
Differences in, cloud stability occurred among the heat-treated lots 
as well as among the unheated lots, The most notable difference in 
flavor stability was the greater stability of the heat-treated lots 
over the unheated ones. 


In general, unheated concentrates retained 50 percent or more cloud 
after temperature abuses amounting to a cumulative exposure of 2h 
days at 10°F, during the course of one years! storage at O°F, Some 
unheated lots retained 50 percent or more cloud after slow thawing to 
20°F, if immediately re-frozen, but no unheated lots retained as much 
as 50 percent cloud after thawing to )0°F, and refreezing, 


Most heat-treated concentrates retained 50 percent or more cloud after 
thawing to LO°F, if immediately re-frozen, They did not, however, 
retain in excess of 50 percent cloud on prolonged (one-week) exposure 
to LO°F, after any of the previous temperature histories, This applied 
even to those lots which could withstand cloud loss after one week at 
O°F, when freshly manufactured, In general, the heat-treated con- 
centrates retained 50 percent or more cloud after a cumulative time- 
temperature history including thawing to 20°F, or OOF, in combination 
with a total exposure of approximately 24 days at 20°F, during the 
course of one years! storage at O°F, 


Although flavor is quite stable in heated concentrates and relatively 
stable in unheated concentrates, the effects of time-temperature 
histories on flavor appear to be cumulative, Unfavorable temperature 
histories, which do not in themselves produce flavor changes, may 
nevertheless increase the probability of flavor changes appearing after 
subsequent temperature abuses, This effect is proportional to the 
temperature at which abuse occurs, There is some indication that the 
flavor changes observed in these studies may have resulted fron 

enzyme action, 
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The results indicate that changes in the cloud and flavor occurring 


in frozen concentrated orange juice are initiated at all temperatures 
above 0°F, 


Publications: 


(1) Predicting Temperature Changes in Frozen Liquids. George J. 
Keller and John H, Ballard, Ind, Eng, Chem. 48, 188 (1956). 


(2) Properties of Stored Frozen Orange Concentrates Observed by 
Differeritial Cloud Determination, R. J. McCollioch and R. G, 
Rice, Food Technol. 9, 70 (1955). 
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“ STABILITY OF FROZEN CONCENTRATED ORANGE JUICE} 
HEAT STABILIZATION AT DIFFERENT CONCENTRATIONS oy 


O. W. BISSETT AND M, K. VELDHUIS 
U. S. Citrus Products Station. 
Winter Haven, Florida, 


R. B. GUYER AND E. A. CARROLL 
Metal Division, Research Department 
Continental Can Co., Inc. 
Chicago, Iilinois 


Cooperative investigations between the U, 5S. Department of Agri culture 
and Continental Can Co., Inc. during the past several seasons have 
been concerned with the heat stabilization of frozen concentrated 
orange juice, Discussions of this work at previous Citrus Processing 
Conferences have dealt with (1), the effects of time and temperature 
of heating, eae a comparison of several methods of heat stabilization, 
and (3), the effects of seasonal and varietal factors. The current 
report will be concerned with another phase dealing with the effects 
of heating single strength juices and concentrates of different 
strengths, 


A sufficient quantity of Valencia oranges was harvested at a time to 
supply all the juice required for a seasonal study, The fruit was 
stored at O°F. until needed and removed in a random manner for each 
day's run, Juice was extracted, finished, and held at hoor, ina 
cold wall tank until used, The juice was heated in a small-tube heat 
exchanger as single strength juice as well as several intermediate 
concentrations using several heat treatment temperatures. All 
materials were subsequently raised to a final concentration of 55° Brix 
in a falling film evaporator, cut to 2° Brix with unheated fresh 
juice, canned and frozen, The work was conducted during three 
seasons with slight variation in concentrations at which heat was 
applied, as well as in the temperatures used, 


In the first season's study, controls and heat treatments of 10°, 
160°, 180°, and 200°F, for 5 seconds at concentrations of 129, 28°, 
1.20, and 550 Brix were used, The products were examined for pectin- 
esterase enzyme (PE) activity and cloud stability. No significant 
differences in the effect of any specific heat treatment at the 
different concentrations were observed on PE activity. However, there 
was a definite effect of heating at different stages on cloud stability. 
Heat treatment at 10°F, for 5 seconds was ineffective at all concen~ 
trations, When 12° Brix juice was heated to 160° or 180°F,, stability 
in OOF, storage of 3 and 5 weeks respectively was attained, With 

120 and 550 Brix concentrates, these treatments gave stability for 72 
days at )0°F, and no advantage was demonstrated for 200°, treatment. 


sateaenorl eantid avoivexd ts stow @iit to aneteawoal ae 
= 7 = ‘ oe ‘ f oa 


Si 
~ 
xine “2c to motisittasoenos fant? s oF Bester yvitros; hw sir eS ish 3 ‘£8 


" tS aviades - MOST «p> CORE of bedeed saw mean sox oss none 


oi tary SEF LOT) Tat AS ;* te ee "aa TT} 7 
eCROTT ARTS THIRTSTIC TA eT ASTON) 


METTAY »Z «lf COA prune of 40 
sobtes& atarhotl agai il 2.0 
eabieolt —htovall teJgntW 


LIGHIES » fi acl cma GaraD & Pe 
dreatindaeT Hlomsses oi ,toleirid [adem 
sOlEL oD osd Loser than 


» 


gA to Inenttaqed .o ,U edt moomted enolseg teams 
erat mioesos favaves tesa edt enet ah coll 4.00 “80 
best ateditacs 3 coisesilicate Feed ett. ataw Ss 


sotte eAt (4) djiw ¢fseb eved Beg 


itesiilicass faci to shorten feteves To coeltaquoy 8 “eg - 
ioeitso sdf .aotoet Ieiettay Bas Dann seisiee ie oOfegiie ec 
eiosits afd wliv pallsemh easde wadiogs im , bageseottoe ed J 


sett ib ‘lo sebsrviecaes Sm Seo.0ee id satis ofgnte 3 


o¢ antt a ¢s bofeswxart eav eeanevto arene fav lo viteeas 
: —yoose Isntoeses s tot bev inoot eb bit Bee: te! 
fois sol tance mbaet 8 at bave mers ate beboer Ihe ols 
| "Oy $a bLai fh hag it ,dotemitue any solel 48 

ol siuteSigoe Bb al bolsedt asw eotnt sdf ,deat Tatay aes 
otuibenxedat [steves ae Liew 86 eotnt iygce sys = nate as} 
a ervtin’ ssomag front sats seer fsterse 3 boss aco se 


yy rr 
fnoti botesiw dite xt OS of dro .tedatbanve mit ana 
vol! actveb bsdoxybaoe esyw stow ed? enesott has Senna 


cow tJeod dotiw ta anolitsutnepnoo at no tterisy tae Ee idtes 


bee setcstogmed edt al se ‘Ifew as” 
2" to edoectaed teed Dre eafouwtios ~youde mle gant 


« 

$f ,9Sf %& iesitneowws Fe ehitvoes ¢ wot . OOS . 
witness fot bonsentes. evew edeaceby Orie oat ,OPcy o2sy xi Oe 
dusotiinns of .wtificsts Broke how ba vitos (2%). say xae’s 
wit oh tenet ns Frai o i ioonk : gilda bssachi ©: alt ok ee 

if ,xeve avi iv ition Go. ao O607 edo aT ne. neemane ee 
wdn'@ tjvelg no sonata dasestti® 3a) ates san 30 Ggetts “ot te 
eieotoo Lis f5 ev ifestt os Siw Bote 8 cq tot Pont te i 


°° Pry : Pease £35 ie sow v Me vitsoqse rae | ed Dh * Drees Ko to 
SS wot wiftdets eves stnomivend egeds erence 
,trantsett .T0CS tol batetienomes Sev apediteves a nar 


at ie 


In the second season's work heat treatments of 150°, 160°, 170°, and 
180 F. were applied to single strength juice and contrates of 20°, 

260, 320, and 380 Brix, Treatment at 150° F, was not quite as 
effective in PE insctivation as 160°T, No advantage was demonstrated 
by use of 170° or 160° F, over 160°F, In the treatment of single 
strength juice, 150°%, was considerably less effective in PE in- 
activation than it was in concentrates, All control samples clarified 
within the first week's storage at O0°F, Single strength juices 

heated at 150° and 160° F, were stabilized for 2 to 5 weeks respectively, 
while those treated at 170° and 180°F, remained stable for the entire 

6 weeks of observation at 0°F, All products heated at all temperatures 
at intermediate concentrations were stable for the entire 6-week period. 


During the period of these investigations, modifications were made 

in commercial juice extracting and finishing equipment. In order to 
have juices more nearly representative of commercial operations, before 
the third season's work was begun the laboratory finisher and 
extractor were changed. Otherwise, the experimental procedures were 
the same as during the second season's investigations, PE inactiva- 
tion results at the various concentration levels and treatment 
temperatures were comparable to those of the preceding season. However , 
the cloud stability of the products in L0°F, storage was markedly 
different. Unheated controls clarified even more rapidly than in 
earlier work, Heat treatment of single strength juice in the range 

of 150° to 180°F, failed to stabilize the cloud in these products 

for one week at O°F, There was a slight increase in effectiveness 

of heat treatment with increased concentration at which the treat= 
ment was applied. Only three treatments--160°F, at 26°, 32°, and 

38° Brix-«remained stable for the full 6-week observation period, 
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' PROCESSING CHARACTERISTICS OF COLORED TEXAS GRAPEFRUIT, 
III. SPECTROPHOTOMETRIC MIUTHONS FOR DETERMINING 
PIGMENTATION AND BSTA CAROTENE AND LYCOPENE 


Ti] RUBY RED GRAPEFRUIT. 


Be Pe GRIFFITHS AND B. J. LOE 
Fruit and Vegetable Products Laboratory 
Weslaco, Texas 


Le O'CONNOR, Dattis HEINZELMAN AND HE, R. MeCALL 
"Southern Regional Research Laboratory 
New Orleans, Louisiana 


Two methods for the measurement of pigments occurring in colored 
grapefruit are outlined and results compared, Method A involves 
extraction of the sample, separation of the major pigments, lycopene 
and carotene, on a magnesia Superecel column, elution, end spectro~ 
photometric measurements of the separated pigments. By method B, 
amore rapid bit less precise procedure, the pigment is extracted 
and the absorbtivity of the extract determined at 52 for carotene 
and 505 millimicrons for lycopene, Details of the procedures are 

as follows: 


Preparation of Hexane Extract of fi Grapefruit Pigments, The pigmented 
material for extraction is prepared by halving 3 or r , grapefruit and 
removing the meat and juice, Care must be exercised to exclude rag 
and seeds, The meat and juice is then blended in a Waring Blender for 
three minutes, One hundred gram portions are removed by pipette while 
the blendor is operated at moderate speed, One hundred milliliters 
of methyl alcohol are added to each sample and the mixture allowed 

to stand for approximately thirty minutes, Two grams of Hyflo Super= 
cel are then added to each portion and the samples filtered through 

a pad of this same filter aid on a Buchner funnel. The filtrate 
containing the methyl alcohol water soluble substances is discarded, 


The pigments are removed from the pulp by blending the filter cake 

in a micro=blendor cup with 50 ml. of 50% acetone-hexane solution 

for one minute, filtering and washing with 20 ml, of the extracting 
Solution, The pulp and pad are blended, filtered, and washed twice 
more in the same manner; and the combined extracts are placed in a 
1000 ml. separatory funnel; 100 ml, of water are added and the aqueous 
acetone layer is removed and reextracted with hexane until the hexane 
extract is coloriess. 


The combined hexane extracts are washed three times with 100 ml, of 
water, care being taken to prevent emulsions, After washing, the 
hexane extract is filtered through a pad of sodium sulfate on a 
medium porosity fritted glass funnel ard made to 250 ml, with hexane, 
Portions of the extract are used in making the comparative analysis 
for carotene and lycopene with both methods A and B, 
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Method A, In preparation for chromatographing, a small plug of cotton 
or glass wool is placed in the bottom of the chromatographic tube and 
the column filled to a height of 15 om, with loose adsorbent. Vacuun 
is then applied and the adsorbent gently pressed down with an inverted 
cork on the end of a glass rod, The packed column is about 10 cm, in 
depth, A lcm, layer of anhydrous sodium sulfate is placed above the 
adsorbent and a plug of cotton or glass wool placed on top of the 
sodium sulfate. 


With the vacuum continuously applied, a mixture of 100 ml, of the above 
hexane extract plus 10 ml. of acetone is poured through the colwnn, 
The pigments are washed into the adsorbent and the carotene eluted 
with 100 ml. of a solution of 10% acetone in hexane. The vacuum 

is released when the height of the liquid above the column is about 

5 am, The flask containing the carotene eluate is replaced and the 
column washed with 100 ml. of a solution of 0.5% methanol in hexane 
which causes a small middle band to separate and move down the column 
ahead of the lycopene. The eluate containing this band is discarded, 
The lycopene is washed from the column with 200 ml. of 5% methanol in 
hexane, The canotene and lycopene eluates are transferred to separa~ 
tory funnels and washed with 100 ml. portions of water (carotene 
twice and lycopene once) to remove acetone and methanol, Each 
fraction is then filtered through sodium sulfate on a fritted funnel 
to remove water and made to 200 ml, with hexane. Concentrations of 
the pigments are detezmined by reading portions of the respective 
carotene and lycopene fractions in a Beckman D. JU. Spectrophotometer 
at a wave length of 51 mu for carotene and 471 mu for lycopene. 


Method B, in method B the absorption of a portion of the unchroamato- 
grapned hexane extract is determined at 52 mu. fa maximum for 
carotene and a near minimum for lycopene), and at 505 mu (a maximum 
for lycopene and a low absorption value for carotene), By means of 
simultaneous equations a measure of the total pigments present is 
obtained in terms of lycopene and carotene content, The pigment 
concentration of the unchromatographed extract used for method B 

is calculated as follews: 


Co = eS AWS2 = 3.02 A505 
Cl = 3,91 A505 = 2633 AliS2 


Where 
Cc = Concentration of carotene in mge/l. 
Cl = Concentration of lycopene in mg./l. 
Ah52 = Absorption at 452 mu 
A505 = Absorotion at 505 mu 


The constants in the above were calculated using the specific absorption 
of carotene at 52 and 505 mu as 250.3 and 0.57, ard lycopene at })52 
and 505 as 193 and 287, 


Results of method B average 10.3% higher for lycopene and 16,3% higher 
for carotene than method A, (Table I), due to inclusion in the extract 
of all hexane soluble pigments present. Both methods are comparatively 
rapid and simple and good reproducibility of results of different 
analysts is obtained, (Table II). 
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» STUDIES ON DETERMINING SOLUBLE SOLIDS IN CITRUS JUICES 
BY THE REFRACTOMETER 


D. A. MORGAN AND W, CG. SCOTT 
Citrus Products Station 
Winter Haven, Florida 


Studies have been continued towards improvement of correction 
factors for refractive index measurements used to estimate soluble 
Solids in citrus juice products, Constituents which appreciably 
affect the refractive index of citrus concentrate have been studied 
Singly and correction factors have been tentatively developed, 


Citrus powders were analyzed for moisture by the Karl Fischer method 
and for water insoluble solids, Total solids and total soluble solids 
were estimated by difference, The powders were also analyzed for 
protein (N x 6,25) by the Kjeldahl method, for acid by titration and 
for ash by ignition. Constituents found to affect the accuracy of 
refractometer readings were citric acid, amino acids, invert sugar, 
potassium citrate, and insoluble solids, 


The citric acid corrections to true soluble solids published by 
Stevens and Baier (1) were checked by taking the refractive indices 
of solutions of pure citric acid, Differences found were within 
experimental error over the range of 0 to 15% acid. Corrections for 
citric acid are added to observed refractometer values, 


Corrections for amino acids to be applied to refractometer readings 
were Studied by preparing:a water solution of available amino acids 
in the proportions reported by Underwood and Rockland (2), The 
refractive indices of the water solution, and of mixtures of the 
Solution with sucrose syrup, were measured, Observed refractometer 
values were higher than the actual solids contents, Differences 
between observed and calculated percentages of soluble solids were 
plotted against percentage of amino acid. These differences fell on 
a straight line passing through the origin. The amino acid content 
of the samples studied were estimated by making nitrogen determina= 
tions on powders prepared from filtered orange and grapefruit juices, 
Soluble nitrogen found was 0.70% for orange powder and 0.7% for 
grapefruit powder, and these values were used to calculate the amino 
acia content of test juices, 


Invert sugar corrections are based on published tables (3) of 
refractive indices of invert sugar solutions, Composition of the 
Sugars in the powdered juices studied was considered to be half 
invert and half sucrose, 
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The effect of the mineral content of juices on refractive index 

was studied by preparing solutions of potassium citrate and taking 
their refractive indices, Observed refractometer values were higher 
than the actual percentage of solwble solids present, The mineral 
contents of an orange end a grapefruit juice powder were estimated 
by ash determinations and by titrations for acid before and after 
passage of their solutions through a cation exchange column, The 
orange powder was found to yield 3,25% ash and the grapefruit 2.82%. 
Results from ion exchange indicated removal of sufficient metallic 
ions to account for practically all of the ash as potassium carbonate. 
The values found were therefore stoichiometrically converted to 
potassium citrate and used for calculating the camposition of test 
JULCES » 


The effect on refractometer values of suspended matter or pulp 
remains the most difficult to measure and interpret. Pulp, fiber, 
and fines were recovered by passing whole juice at a slow rate through 
a supercentrifuge, This pulp was analyzed for moisture by drying in 
@ vacuum oven, By assuming that the pulp was wet with juice of known 
proximate composition, the percent isolubles, percent water, and 
percent solubles in the pulp were estimated, Varying weights of pulp 
were added to sucrose solutions and the calculated percent soluble 
solids compared with refractometer values, A very indistinct line at 
high pulp contents was observed in the refractometer, but values 
could be reproduced with good accuracy, The corrections required to 
coupensate for pulp are negative, and much larger than can be 
attributed to their weight alone, 


The following tabulations illustrate application of these corrections 
to examples of the three powders used in the experiments, two orange 
and one grapefruit. 
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Constituents Analysis Expanded Analysis of seereetlonss 
of powder analysis diluted juice 


Example #1 an orange nowder 


Ash 3.25 
Moisture 1.83 1,89 
Soluble Nitrogen Py {®) 
Tnsolubles ey Peat 0,148 -0,090 
Solubles, total 97-00 100,00 1246230 
Acid 6.65 6,85 0.8) +0,030 
Potassium citrate 5695 Onis ~0,037 
Amino acids he 36 0.55 -~0.1h0 
Invert sugar hi. ly2 5.06 +0.062 
_ Sucrose : 1,42 5,06 
Refractometer Brix 12.423 -0,175 = 12,28 
Calc. % soluble solids 12.236 


| : STTChareT soe 
Moisture ert 1.3h 


Insolubies 3.83 S06 2.58 =3,21 
Solubles, total 9h..1:3 100.00 63.586 
Acid 6.22 6.59 4.19 +0ohih 
Potassium citrate 595 3.79 -0.19); 
Amino acids he 36 2610 -0.71,0 
Invert sugar 41.55 26.1 +0.3117 
Sucrose W155 26.41 
Refractometer Brix 66.527 =3.357 = 63,170 
Calc, % soluble solids 63.586 
Ash eae 
Moisture 22h eeu 
Soluble Nitrogen 0.74 
Insolubles eeeu Zeou 0.280 -0,170 
Solubles, total 95456 100,00 12.177 
Acid 10.58 TOG 14355 +0.091 
Potassium citrate Seep 0.64 -0.032 
Amino acids 4.89 0659 -0.150 
Invert sugar 39:2 4.80 +0060 
Sucrose | 39.12 4.80 
Refractometer Brix 12.389 =0.201 = 12.188 
Calc. % soluble solids 12.177 


1/. The expanded analysis is based on the assumption that: 
a. Ash in citrus juices is composed of potassium carbonate. 
b. Sugars in citrus juices are half invert, 


2/ Corrections are based on variations between observed soluble solids 
contents found by using refractive indices of soiutions and the sugar 
tables and calculated values, 
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F ESTIMATIONS OF SUSPENDED MATTER AND NON-VOLATILE MATERTAL IN 


W. C, SCOTT 
Citrus Products Station 
Winter Haven, Florida 


The previous paper reported results of investigations of factors 
affecting the refractive index of juice products, using powdered 
citrus juices as a source of materials of known composition, The 
difficulties entailed in producing juice products of known soluble 
Solids content from powders make it impractical to verify the accuracy 
of proposed corrections by applying them to a large number of samples, 


Therefore, the determination of solids by drying was undertaken, In 
order for the drying of whole juice to have value in the estimation of 
Soluble solids, a method for estimating insolubles had to be established, 
A modification of the alcohol insolubles method reported by Rouse 

and Atkins at the,1955 Florida State Horticultural Society Meeting 

was deveioped and used concurrently with the drying of concentrate 
samples for 30 hours at 60°C, and less than 100 mm. pressure, 


Modifications of the Rouse and Atkins alcohol insoluble method included 
weighing portions of concentrate directly in the centrifuge tubes and 
diluting to 25 ml, with water instead of performing the determination 
on reconstituted juices; re-suspending alcohol insolubles in 50% rather 
than 66% isopropanol; and adding a third centrifuging from acetone, 
This procedure eliminated the last traces of sugars and lipids, so 
that the solids when dried at 102-105°C, remained white and fluffy, 
without evidence of case hardening or decomposition, Required drying 
time was also reduced one hour by the use of acetone and total time 
for the determination to about two hours, Solids recovered by this 
method are designated as alcohol-acetone insolubles, It is recognized 
that alcohol-acetone insolubles include water soluble pectins, while 
Some water insoluble materials are lost, However, there is ample 
reason to believe that they are a function of insoluble solids 
originally present, In five tests the ratio of alcoholeacetone solids 
to water insoluble solids ranged only from 1.67 to 1.85. 


For the determination of total solids by drying, five to seven grams 

of concentrate were weighed into a dried and tared aluminum weighing 
dish packed with short fiber asbestos, and then wet with a minimum 
amount of hot water to permit absorption of the sample into the 
asbestos, The wet sample was subjected to preliminary drying for an 
hour at low vacuum with a current of air passing over it, Pressure was 
then decreased to less than 100 mm, and drying continued for 30 hours, 
During the early stages, when considerable moisture was being removed, 
a trap cooled with ice and salt was used in the vacuum line ahead of 
the mechanical pump, 
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Refractometer values were obtained by taking a minimum of five 
readings fcr each of two portions of each test Sample and averaging 
them for conversion to percent solids, 


For a study of the precision of the drying methods and their 
correlation wita refractometer valves two different samples of high 
Brix concentrated Valencia orange juice were chosen for their high 
and low pulp contents, One hundred gram aliquots of each sample were 
diluted with 10, 25, 50, 100, and 200 ml, of water in order to give 
two series of six concentrations “or testing, The advantage of 
preparing such a series is that a wide range of concentrations is 
available to test the procedures, and that total solids, insoluble 
Solids, and soluble solids can be calculated from an assumed original 
value, 


The precision of the method for alcoholeacetone insolubles is 
indicated by a maximm variation among the ten check determinations 
of 0.06% solids (5.6% error), Precision of the method for total 
Solids by drying is indicated by a maximum variation of 0.16% solids 
(0.37% error), Precision of the refractometric determination of 
Soluble solids (uncorrected) is indicated by a maximum variation of 
0.98% solids (2.1% error), 


Corrections for acid, invert sugar, protein, ash, and pulp were applied 
to the refractometer values, Differences between net soluble solids 

as determined by the refractometer and by drying are of the same 

order as the variations among original refractometer readings, Among 
the 12 determinations, the maximum difference between soluble solids 
by the two methods was 0.9% solids (2.65% error), 


These results indicate that the correction factors tentatively 
established are approximately correct, and are within the limits of 
accuracy of the refractometric determination itself, Examination of 

a Serles of orange and grapefruit concentrates, for further evaluation 
of these methods, is under way, 
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